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Abstract 
 
Wind-driven rain (WDR) is an important boundary condition for the study of the hygrothermal behaviour and durability of building 
envelopes. Understanding the WDR characteristics is important for establishing designs that minimize moisture related issues. 
Three buildings located in three Canadian cities (Fredericton, Montreal and Vancouver) have been instrumented with equipment 
to quantify the WDR loads on building façades. This paper presents the experimental setup, spatial distribution of WDR on façades 
in terms of wall factors, and the comparison between measurements and calculated WDR using the standard ISO 15927. The 
preliminary results show that the ISO model overestimates the WDR amount most of the time. 
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1. Introduction 
 
Wind-driven rain (WDR) is one of the most important moisture sources affecting building façades and an important 
boundary condition for the study of the hygrothermal behaviour and durability of building envelopes [1]. Three 
methods are typically employed for quantifying WDR on façades. These are: (a) experimental method; (b) semi- 
empirical method; and (c) Computational Fluid Dynamic (CFD) modelling [2-7]. The Experimental method is the 
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primary tool for WDR study and provides the basic knowledge for understanding WDR, but it is time consuming, 
expensive, and can suffer from large errors [8-11]. The semi-empirical models such as the ISO standard [14] and 
ASHRAE 160P [15], are capable of estimating WDR using wind and rain data collected at meteorological stations. 
Semi-empirical models are easy to use but they were developed based on measurements on a limited number of 
building geometries and façade locations. As a result, WDR estimated by semi-empirical models may have large 
deviations from field measurements [12, 13]. CFD modelling provides a more detailed distribution of WDR on 
facades, however, it requires a large amount of preparation work and high computing cost [1]. In addition, high-quality 
measurements are needed to validate the CFD models. Given the needs to further develop semi-empirical models and 
validate CFD models, measurements on buildings with various geometries and design details under different climatic 
conditions are essential for the advancement of research in WDR. The objective of this study is to generate a unique 
set of measurements to characterize the WDR distribution on mid- and high-rise buildings for different Canadian 
climatic regions and to evaluate and improve the existing semi-empirical models used for quantifying WDR loads. 
 
2. Measurement setup 
 
In this study, three buildings located in different regions of Canada (Fredericton, Montreal and Vancouver) have 
been instrumented with equipment to quantify WDR loads. Fig. 1 shows the locations of the test buildings. Details of 
the test buildings and the number of rain gauges that are installed on different façades of the buildings are shown in 
Table 1. The heights of the buildings located in Fredericton, Montreal and Vancouver are 22m, 45.6m and 19.82m, 
respectively. Fig. 2 shows the installed WDR gauge locations on the plan view of these buildings. The equipment 
installed on the roof top of test buildings includes: a wind monitor sensor measuring wind speed and wind direction, 
a temperature and relative humidity probe and a tipping bucket horizontal rain gauge with a resolution of 0.1mm per 
tip. A number of customized driving rain gauges are installed on the building façades. The collection area of the WDR 
gauge is 30.5cm by 30.5cm and it has a tipping-bucket mechanism with a resolution of 5.5g per tip (0.060mm per tip). 
The gauges are located at the heights of 0.61m, 4.88m and 9.14m from the roofline of the building in Fredericton; 
0.61m, 4.88m, 10.67m and 21.34m from the roofline of the building in Montreal; and 0.61m, 2.44m, 4.88m, and 
9.14m from the roofline of the building in Vancouver. All the equipment are connected to a data logger that collects 
and saves the data every 5 minutes. Arithmetic-averaging technique is used to obtain hourly data. 
 
 
 
 
Fig. 1. Locations of test buildings [source: Google maps]. 
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Table 1: Details of test buildings 
 
 
Buildings Construction type Geometry Obstruction No. of rain gauges Picture 
 
 
 
 
 
 
 
 
Fig. 2. Plan view of the WDR gauge locations on study buildings: (a) Fredericton (b) Montreal (c) Vancouver. 
 
 
3. Results and discussion 
 
3.1 Prevailing wind direction 
 
Data collected for the following periods is used for analysis: 1) from August 2013 to June 2014 for Fredericton, 2) 
from July 2014 to December 2014 for Montreal, and 3) from August 2013 to April 2014 for Vancouver. Fig. 3 shows 
the prevailing wind direction at the test building sites during the monitoring period. At the Fredericton site, the 
prevailing wind direction is from the west-north-west for all hours while the prevailing wind direction is from the 
south-west during rain hours. At the Montreal site, normally the wind comes from the west-south-west and the west 
Fredericton, NB Seven-storey 
residential building 
Flat roof 
without 
overhang 
Moderate 
Montreal, QC Thirteen-storey 
office building 
Flat roof 
without 
overhang 
Moderate 
7 (south-west) 
6 (south-east) 
2 (north-east) 
1 (north-west) 
7 (south-west) 
6 (south-east) 
10 (north-east) 
1 (north-west) 
Vancouver, BC Six-storey 
residential building 
Flat roof 
without 
overhang 
Moderate 18 (east) 
11 (north)
1 (south) 
1 (west) 
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direction, while during rain hours the prevailing wind directions are from the south-west and north-north-east. At the 
Vancouver site, the prevailing wind direction is from the east during all hours and rain hours. 
 
 
Fig. 3. Prevailing wind direction at test building sites: (a) Fredericton; (b) Montreal; (c) Vancouver. 
 
3.2 Wall factor analysis 
 
According to the ISO standard [14], WDR on building surfaces can be calculated as follows: 
 
I A  
2 6v.r 8 9 cosD  T 
9 
 
(1) 
IWA    I A.CR.CT .O.W (2) 
 
where, v is the hourly wind speed in m/s, r is the hourly rainfall in mm, D is hourly wind direction from north and 
θ is the wall orientation relative to north. The terrain roughness coefficient (CR), topography coefficient (CT), 
obstruction factor (O), and wall factor (W) are applied to convert the airfield indices (IA) to wall indices (IWA) (Equation 
2). When the on-site WDR data is available, the factors CR, CT, and O can be taken as 1.0. As a result, the wall factor 
can be calculated as the ratio of measured WDR (IWA) to air field IA at a specific location. 
 
Fig. 4 shows the wall factors calculated based on measurements (blue colour) on the south-west façade of the 
building in Fredericton, the south-west façade of the building in Montreal and the east façade of the building in 
Vancouver. For comparison, the wall factors suggested by the ISO standard 15927 are also shown (red colour) in Fig. 
4. For the building in Fredericton, wall factors based on measurements are significantly smaller than what the ISO 
standard suggests, while for the other two buildings the measured values are close to what the ISO standard suggests 
for locations at the top of the façades (about 0.61m below the roofline). At locations about 2.44m below the roofline 
(the 2nd row), the measured values are much smaller than what the standard suggests for the building in Vancouver. 
At locations about 4.88m (the 3rd row for the building in Vancouver and 2nd row for the building in Montreal), the 
wall factors suggested by the standard are close to measurements at the edge of the façade. It is noted that there is a 
large variation of wall factors across the width of the building façade although the ISO standard suggests constant 
values across the building width. 
 
3.3 Comparison between WDR measured and WDR estimated by the semi-empirical model 
 
The WDR on building façades is estimated using the ISO standard 15927 [14]. Hourly wind speed and wind 
direction data obtained from the nearby meteorological station for the monitoring period are used for the calculation. 
As hourly rainfall data for the monitoring period is not available at the meteorological station, hourly rainfall measured 
on site is used for calculating the WDR. All the correction factors are calculated according to the ISO standard 15927. 
Fig. 5 shows the comparison between the measured WDR during the monitoring period and the calculated WDR using 
the ISO model for the three buildings. 
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Fig. 4. Wall factors (red-ISO, blue-measurements) at WDR gauge locations on: (a) south-west façade of the building in Fredericton; (b) south- 
west façade of the building in Montreal; (c) east façade of the building in Vancouver. 
 
 
 
 
Fig. 5. Comparison between measured WDR and the estimated WDR using the ISO standard for buildings in: (a) Fredericton; (b) Montreal; 
(c) Vancouver. 
 
As shown in Fig. 5, the ISO model overestimates the WDR amount for all the locations on the façades of the two 
buildings in Fredericton and Vancouver. For the building in Montreal, the ISO model underestimates the WDR amount 
for one-third of the locations (8 out of 24), while overestimates the WDR amount for the remaining locations (16 out 
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of 24). The wall factors are calculated for the entire monitoring period with all approaching wind angles considered. 
 
4. Conclusion 
 
Three buildings across Canada (Fredericton, Montreal and Vancouver) have been instrumented with equipment to 
quantify WDR loads on building façades. The prevailing wind direction, the spatial distribution of WDR on the façade 
in terms of wall factors, and the comparison between measured and predicted WDR using the ISO semi-empirical 
model are reported for the monitoring period in this paper. It is found that the wall factor varies along both the building 
height and across the building width, while the ISO standard only suggests two values along the building height with 
no change across the building width. The ISO model overestimates WDR on façades most of the time for the three 
test buildings. The ISO standard was developed based on measurements taken on a limited number of buildings with 
certain geometries under specific climatic conditions. The discrepancy between the measurements and the predictions 
is mainly attributed to the difference in building geometry, the lack of variation of wall factors across building façades 
suggested in the ISO standard, and the determination of correction factors. To better characterize WDR loads on 
building façades, measurements on buildings with various geometries and surroundings under various climatic 
conditions are needed. 
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